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Research object

Framework

The radiation of photons by electrons is investigated in the
framework of quantum electrodynamics up to the second order in
the coupling constant e.

States

We consider the N-particle, coherent, and thermal initial states and
the forms of the electron wave packets are taken into account.

Tasks

® the explicit expressions for the intensity of radiation
® the inclusive probability to record a photon
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Initial and final states

The density matrix of the initial state is
R=Rpp @R ®0)e: (0]cr. (1)

The projector to the states in the Fock space containing at least one
particle with quantum numbers specified by the projector D

ﬁph =1 eXp(feTDe)::éTDé +..., DI =D. )
The measurement in the final state is specified by the projector
ﬁ:'bph®:ie®’1\e+ (3)

We suppose that either D is diagonal in the energy basis or the
operator D is taken at the instant of time t = 0

Dos(out) = Dy e (oo —Hoallow (4)
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The radiation of a photon by an electron in the external field or in
the presence of the dispersive medium is described by the operator

—Viala,e,, (5)

of the first and higher orders in the coupling constant e.
The Compton process is specified by the operators,

W= W1—|—W2+W3, W;QQZZWABGAGB,

Wy = w2 ala.cle,, W2 = WiBerie), )
W, = wyivat aaémcw, Wi = wiBey ey,

W W?’:Y(L’(sz AT C’Y1 erYz ’

of the second order in the coupling constant.
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Contributions to the S-matrix
Of the same order are the contributions of the mass operator,

M=m;.ala, (7

Oé

and the polarization operator,

= ﬁ1 + ﬁz + ﬁ3, I'I? 2I'IABeAeB,

= nj"ele,, ny” = n4te)lep, )
f, = M37285,Ex,, |—|3ﬁ1“72 = HABéZ1éZZ7

|-|3 |-|’Y1’72AT Cif_yz’

Moreover, the process of scattering of an electron by an electron,
3500505850, (9)

Then the expansion of the S-matrix with respect to the coupling
constant is given by

S=1+V+E+W+N+M+C+---. (10)
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Contributions to the inclusive
probability

The inclusive probability to record a photon in the states specified
by the projector D becomes
Pp = Sp (PSRS). (11)

The intensity of radiation, /p, is a linear part of (11) with respect to
D.

Do = kov PT s (12)
The leading contributions to the process are determined by traces'
Sp(PR).  Sp(PVR).  Sp(PVRV) sp(PERE').
Sp (PWR), Sp(PfR), Sp(PMR), Sp(PCR).

'P.0. Kazinski, T.V. Solovyev, Eur. Phys. J. C 82, 790 (2022)
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As the example of stimulated radiation produced by a wave packet,
we consider transition radiation from the Dirac fermion traversing a
mirror in the field of a laser wave?

vy, = —i% /daca,-*/\(aq)t'l(—y ey — if1q (koo™
B } eikoIO—ikJ_XJ.+"(PL—P;L)1“
+ (o7 = P
o \/2Vkopop)

— iy [ daiy(ea)s e’ ~ ialp), — p.)o"

/kox 71kaL+/(pu —pp)xt

v/2Vkopopy ’

It was assumed that the mirror is ideally conducting and it is placed
at z <0.

X Uy

712 2P.0. Kazinski, G.Yu. Lazarenko, Phys. Rev. A 103, 012216 (2021)
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Stimulated radiation from a wave
packet

Explicit expression for dF,(k) neglecting the recoil due to photon
radiation and setting p1, = 0

B (p')y" v (p) = dsrsp” /m, (14)
we derive
dFy(k) = Z/deNpﬁ’sV’1)(p7p’)
s N=1

26|38 [kt + (g3 — k3)535 V] az(k)

k
o[(1-Bn )2 - Bl V2@

where , ,
qu = Pu — Py P, =pL —ku,

p3 =p3—ko(1—B,n1)/Bs.
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Susceptibility of an electron
wave packet

The effective susceptibility tensor is equal to
ﬂ;‘f‘?—ZN be WaR = ZN ba WL, (15)

Susceptibility of the wave packet of a single electron in the small
recoil limit.

Vilkoix) = — 225 (16)

this susceptibility has the standard plasma form.
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The intensity of the radiation has the form

dly(K') = |dx (K)WVT+N — %
2
x khdk'.

As we see, the contribution to the radiation intensity we consider
describes the interference of the incident and reradiated photons
and it is of the order e?.
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® To use stimulated transition and diffraction radiation for
mapping the profiles of radiating particle wave packets. To
this end, one can employ the same methods as for noninvasive
diagnostics of beams of charged particles®4°.

® To use the interference of incident photons with scattered ones
in the Compton process in order to restore the form of the
wave packet of the electron participating in this process.

3A. P Potylitsyn, M. I. Ryazanov, M. N. Strikhanov, A. A. Tishchenko, Springer
Tracts in Modern Physics, Vol. 239

4L.G. Sukhikh, G. Kube, A.P. Potylitsyn, Phys. Rev. Accel. Beams 20, 032802
(2017)

/12 5L. G. Sukhikh, Doctor thesis, Tomsk Polytechnic University, (2018)
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Conclusion

®* We obtain the general formulas for radiation intensity and
inclusive probability to record a photon in QED up the second
order in the coupling constant e. These formulas differ from

those presented in papers®’.

® A special attention was paid to the processes where the wave
packets of electrons radiate coherently.
We found the three such processes in the second order
of perturbation theory: stimulated radiation produced by an
electron wave packet®?'%''; coherent radiation from N wave
packets of particles arranged symmetrically; reradiation by an
electron wave packet in the Compton process.

® For the process of reradiation by an electron wave packet,

the susceptibility tensor of a single electron wave packet in a
vacuum was found.
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